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1. Background {#ehf212694-sec-0004}
=============

Heart failure (HF) is associated with high morbidity and mortality and is the most common reason for hospitalization in the Western World.[^1^](#ehf212694-bib-0001){ref-type="ref"} According to current European Society of Cardiology (ESC) Guidelines, HF is classified into three left ventricular ejection fraction (LVEF) categories: (i) HF with reduced ejection fraction (\[EF\] \< 40%, HFrEF), (ii) HF with mid‐range EF (40--49%, HFmrEF) and iii), and HF with preserved EF (≥50%, HFpEF).[^2^](#ehf212694-bib-0002){ref-type="ref"} Approximately up to half of patients with HF have HFpEF, and the proportion of HFpEF in the overall HF population is increasing.[^3^](#ehf212694-bib-0003){ref-type="ref"} While there are pharmacological therapies with mortality benefit in HFrEF,[^4^](#ehf212694-bib-0004){ref-type="ref"}, [^5^](#ehf212694-bib-0005){ref-type="ref"}, [^6^](#ehf212694-bib-0006){ref-type="ref"}, [^7^](#ehf212694-bib-0007){ref-type="ref"}, [^8^](#ehf212694-bib-0008){ref-type="ref"} no therapy has yet shown to convincingly reduce morbidity and mortality in patients with a LVEF of 40% or higher.

Unlike HFrEF patients, HFpEF patients tend to be older and predominantly female.[^9^](#ehf212694-bib-0009){ref-type="ref"} Cardiovascular and metabolic co‐morbidities, such as hypertension, atrial fibrillation, diabetes, renal disease, and obesity, tend to be more common among them than in their HFrEF counterparts. With regards to the burden of the disease, the risk for hospitalization (first and recurrent) is similar in HFpEF as in HFrEF but with a higher incidence of non‐cardiovascular death in HFpEF than in HFrEF. In addition to a substantial morbidity and mortality burden, HFpEF patients suffer from HF symptoms, limitations in exercise capacity, and reduced quality of life comparable with HFrEF patients. International HF guidelines only recommend symptomatic relief for the non‐HFrEF patients, using diuretics in addition to optimizing treatment of their co‐morbidities, given the lack of strong evidence from large outcomes trials in this population. Thus, it is clear that HFpEF is a HF phenotype with a significant unmet medical need for better management options. Specifically, improvements in functional capacity, quality of life, and/or HF related symptoms are important patient‐related outcomes, and a therapy that improves these clinical parameters would be a major advancement in the treatment paradigm of patients with HFpEF.

The angiotensin receptor blocker neprilysin inhibitor (ARNI) sacubitril/valsartan combines the effects of neprilysin inhibition and angiotensin type 1 receptor blockade. Neprilysin degrades biologically active natriuretic peptides, including atrial natriuretic peptide, B‐type natriuretic peptide, and C‐type natriuretic peptide; angiotensin type 1 receptor blockade inhibits the renin angiotensin system. In patients with HFrEF enrolled in the PARADIGM‐HF trial, sacubitril/valsartan reduced HF hospitalizations, and improved survival and symptoms in comparison with enalapril.[^7^](#ehf212694-bib-0007){ref-type="ref"} In the hypothesis‐generating PARAMOUNT trial, sacubitril/valsartan showed, after 12 weeks of treatment, a significant N‐terminal pro‐natriuretic peptide (NT‐proBNP) reduction compared with valsartan in patients with HF and an EF \>45%.[^10^](#ehf212694-bib-0010){ref-type="ref"}

The PARAGON‐HF trial investigated the effect of sacubitril/valsartan vs. valsartan on HF outcomes in 4822 patients with HF and an EF ≥45%. Treatment with sacubitril/valsartan did not reduce the primary endpoint (total HF hospitalizations and cardiovascular death) in the overall population, but there was a modest, although statistically non‐significant, lower rate of hospitalizations for HF with sacubitril--valsartan than with valsartan.[^11^](#ehf212694-bib-0011){ref-type="ref"}

The comparator valsartan in PARAGON‐HF has been criticized as there is no established renin--angiotensin--aldosterone system (RAAS) blockade therapy in HFpEF. A comparator therapy reflecting the RAAS blockade prior to randomization (background‐medication individualized comparators) was warranted. In addition, prior to randomization, patients in PARAGON‐HF had to tolerate valsartan and sacubitril/valsartan in a run‐in‐period. This limits generalizability of the results.

We have designed the PARALLAX trial, a multicentre randomized trial to evaluate the effect of sacubitril/valsartan in comparison with background‐medication‐based individualized comparators (BMIC) for cardiovascular and related co‐morbidities on NT‐proBNP levels and submaximal exercise capacity assessed by 6 min walk test distance (6MWD) in patients with an EF \>40%. The study will also evaluate physical function, symptom burden, and social function changes using appropriate quality of life instruments. Here, we describe the rationale and design of the PARALLAX trial and compare it with prior and current trials of HF treatments to improve NT‐proBNP, functional capacity, and quality of life in HFpEF.

2. Methods {#ehf212694-sec-0005}
==========

PARALLAX is a 24 week, randomized, double‐blind, parallel group, active‐controlled, or placebo‐controlled trial to evaluate sacubitril/valsartan compared wih BMICs on NT‐proBNP, exercise capacity, quality of life, and symptoms in patients with HF and EF \>40%. The trial was designed by members of the steering committee in collaboration with the sponsor. The trial has been registered (NCT03066804) and is in compliance with the Declaration of Helsinki. Approval from the responsible local authorities and ethics committees was obtained prior to inclusion of patients.

2.1. Patients {#ehf212694-sec-0006}
-------------

The final key eligibility criteria of the PARALLAX trial are summarized in *Table* [*1*](#ehf212694-tbl-0001){ref-type="table"}. In summary, patients at an age of 45 years or older, with symptomatic HF requiring the use of diuretics in the last 30 days prior to inclusion, New York Heart Association (NYHA) functional class II to IV, and an EF \>40% are to be included. Initially, EF at inclusion was defined as ≥45% but was reduced to \>40% in Amendment 2 (dated 12 September 2018) to close the LVEF gap left between the PARADIGM[^7^](#ehf212694-bib-0007){ref-type="ref"} and the PARAGON[^11^](#ehf212694-bib-0011){ref-type="ref"} trial. Elevated NT‐proBNP levels at randomization (cut‐offs \>220 pg/mL in patients with no atrial fibrillation or atrial flutter (non‐AF), and \> 600 pg/mL in patients with ongoing AF reinforces the diagnosis of HFpEF. Furthermore, objective evidence of structural heart disease (either left atrial enlargement or left ventricular hypertrophy) has to be demonstrated by echocardiography at screening or within 6 months prior to randomization. As this trial specifically evaluates effects of sacubitril/valsartan on quality of life, only patients with a Kansas City Cardiomyopathy Questionnaire (KCCQ) summary score \< 75 are included. Such scores reflect the more symptomatic patients and are strongly associated with NYHA class II to IV. Patients on therapy with an angiotensin‐converting enzyme inhibitor (ACEi) or angiotensin II receptor blocker (ARB) \[RAAS inhibitor (RAASi) are required to have a history of hypertension.

###### 

Key eligibility criteria of the PARALLAX trial

+----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| Inclusion criteria                                                                                                                                                                                                                                 |
+:===================================================================================================================================================================================================================================================+
| • Male or female aged ≥45 years                                                                                                                                                                                                                    |
|                                                                                                                                                                                                                                                    |
| • LVEF \>40% and structural heart disease demonstrated by left atrial enlargement or left ventricular hypertrophy on echocardiography at screening or within 6 months prior to screening                                                           |
|                                                                                                                                                                                                                                                    |
| • Current symptom(s) of HF (NYHA class II--IV) at screening and requiring treatment with diuretics for at least 30 days prior to screening                                                                                                         |
|                                                                                                                                                                                                                                                    |
| • NT‐proBNP \>220 pg/mL for patients with no atrial fibrillation/flutter or \>600 pg/mL for those with atrial fibrillation/flutter on electrocardiogram (ECG) at screening                                                                         |
|                                                                                                                                                                                                                                                    |
| • Receiving evidence‐based therapy for relevant co‐morbidities with stable doses for the previous 4 weeks prior to randomization                                                                                                                   |
|                                                                                                                                                                                                                                                    |
| • KCCQ Clinical Summary Score \<75 at screening                                                                                                                                                                                                    |
|                                                                                                                                                                                                                                                    |
| • Patients on ACEi or ARB therapy must have a history of hypertension                                                                                                                                                                              |
+----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| Exclusion criteria                                                                                                                                                                                                                                 |
+----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| • Any prior echocardiographic measurement of LVEF ≤40%, under stable conditions                                                                                                                                                                    |
|                                                                                                                                                                                                                                                    |
| • Acute decompensated HF within 30 days prior to screening, or acute coronary syndrome (including myocardial infarction), cardiac surgery, other major CV surgery, or urgent percutaneous coronary intervention within 3 months prior to screening |
|                                                                                                                                                                                                                                                    |
| • Any clinical event within the 6 months prior to screening that could have reduced the LVEF, unless an echo measurement was performed after the event confirming the LVEF to be \>40%                                                             |
|                                                                                                                                                                                                                                                    |
| • Walk distance primarily limited by non‐cardiac conditions at screening                                                                                                                                                                           |
|                                                                                                                                                                                                                                                    |
| • Probable alternate diagnosis of the HF symptoms                                                                                                                                                                                                  |
|                                                                                                                                                                                                                                                    |
| • Prior history of any dilated cardiomyopathy, including peripartum cardiomyopathy, chemotherapy induced cardiomyopathy, or viral myocarditis                                                                                                      |
|                                                                                                                                                                                                                                                    |
| • Patients with HbA1c \> 7.5%, not treated for diabetes                                                                                                                                                                                            |
|                                                                                                                                                                                                                                                    |
| • SBP \<110 mmHg or ≥ 180 mmHg at screening                                                                                                                                                                                                        |
|                                                                                                                                                                                                                                                    |
| • SBP \>150 to \<180 mmHg at screening unless the patient is receiving three or more antihypertensive drugs                                                                                                                                        |
|                                                                                                                                                                                                                                                    |
| • Serum potassium \>5.2 mmol/L (or equivalent plasma potassium value) at screening                                                                                                                                                                 |
|                                                                                                                                                                                                                                                    |
| • eGFR \<30 mL/min/1.73m^2^ at screening                                                                                                                                                                                                           |
+----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+

ACEi, angiotensin‐converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CV, cardiovascular; ECG electrocardiogram; eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin; HF, heart failure; KCCQ, Kansas City Cardiomyopathy Questionnaire; LVEF, left ventricular ejection fraction; NT‐proBNP, N‐terminal pro BNP; NYHA, New York Heart Association; SBP, systolic blood pressure

2.2. Study design {#ehf212694-sec-0007}
-----------------

The study design is summarized in *Figure* [*1*](#ehf212694-fig-0001){ref-type="fig"}. While all patients in the intervention arm of the trial receive sacubitril/valsartan, the therapy in the control arm is BMICs for cardiovascular and related co‐morbidities. This approach is chosen in order to reflect common medical practice and guideline recommendations for the treatment of co‐morbidities prevalent in HFpEF, such as hypertension, diabetes mellitus, and coronary artery disease. For a vast majority of the HFpEF patients, a RAASi‐based therapy is used. So, if patients receive a RAASi prior to inclusion into the trial, they will be stratified to enalapril (ACEi arm) if they were receiving an ACEi or to valsartan (ARB arm) if they were previously receiving angiotensin type 1 receptor blocker therapy; patients with no prior RAASi will receive placebo.

![Study design of PARALLAX trial. Patients will be stratified according to therapy prior to study inclusion. Patients with ACEi therapy will be randomized to enalapril or sacubitril/valsartan; patients with ARB therapy will be randomized to valsartan or sacubitril/valsartan, and patients with neither therapy will be randomized to placebo or sacubitril/valsartan. \*Patients in the ACEi and ARB strata must have a history of hypertension. ACEi, angiotensin‐converting enzyme inhibitor; ARB, angiotensin II receptor blocker; b.i.d., twice daily; RAAS, renin--angiotensin--aldosterone system; sac/val, sacubitril/valsartan.](EHF2-7-856-g001){#ehf212694-fig-0001}

2.3. Starting dose and uptitration {#ehf212694-sec-0008}
----------------------------------

The starting dose will depend on the dose of RAASi prior to inclusion (*Figure* [*2*](#ehf212694-fig-0002){ref-type="fig"}). Patients on no prior RAASi or a low‐dose RAASi will start on Dose level 1 \[2.5 mg enalapril twice daily (b.i.d.), 40 mg valsartan b.i.d., or 24/26 mg sacubitril/valsartan b.i.d\]. Patients on a prior high dose of RAASi (definitions of low‐dose and high‐dose RAASi are displayed in Supporting Information *Table* [*S1*](#ehf212694-supitem-0001){ref-type="supplementary-material"}) are started on Dose level 2, which is a doubling of dose level 1. Patients should be uptitrated to target doses of 10 mg enalapril b.i.d., 160 mg valsartan b.i.d., and 97/103 mg sacubitril/valsartan b.i.d. within the first 4 weeks after randomization.

![Uptitration in the PARALLAX trial. Baseline doses of study medication will depend on the dosage of medication prior to randomization. Patient with low‐dose RAAS therapy will be randomized to enalapril 2.5 mg b.i.d., valsartan 40 mg b.i.d., or sacubitril/valsartan 24/26 mg b. i. d. (Dose level 1). They will be uptitrated to Dose level 2, which is doubling of Dose level 1, after 2 weeks. Patients with high dose RAAS therapy will directly start with Dose level 2. After 2 weeks on dose level 2, patients will be uptitrated to Dose level 3, which is a doubling of Dose level 2. ACEi, angiotensin‐converting enzyme inhibitor; ARB, angiotensin II receptor blocker; b.i.d., twice daily; RAASi, renin--angiotensin--aldosterone system inhibitor.](EHF2-7-856-g002){#ehf212694-fig-0002}

Patients are assessed every 4 weeks during this 24 week trial and additionally every 2 weeks after randomization for uptitration of study medication.

### 2.3.1. Study objectives and endpoints {#ehf212694-sec-0009}

There are two primary objectives of this trial. The first primary objective is to demonstrate that sacubitril/valsartan is superior to BMIC therapy for cardiovascular or related co‐morbidities in reducing NT‐proBNP levels. This criterion is assessed by the change in NT‐proBNP (on the log scale) from baseline to Week 12. The second primary objective is to demonstrate that sacubitril/valsartan is superior to BMIC for co‐morbidities in improving exercise capacity by change in 6 min walk distance (6MWD) from baseline to Week 24, in a subset of patients with a baseline 6MWD ranging from 100 to 450 m. 6MWD was elevated from a secondary endpoint to a coprimary endpoint to reflect the importance of functional improvement as a therapeutic target in HFpEF in Amendment 2 (dated 12 September 2018). The selected cut‐off was chosen because \<450 m indicates exercise impairment and because previous studies have used similar cut‐offs.

Secondary endpoints include comparing sacubitril/valsartan vs. BMIC on (i) the mean change from baseline in KCCQ Clinical Summary Score (CSS) at Week 24, (ii) the proportion of patients with ≥5 points deterioration in KCCQ CSS at Week 24, (iii) the proportion of patients with ≥5 points improvement in KCCQ CSS at Week 24, (iv) change from baseline in NYHA functional class at Week 24 and (v) change from baseline in a Short Form (36) Health Survey--physical component summary score at Week 24.

Safety is assessed based on adverse event (AE) reporting throughout the study.

Suspected cases of angioedema are adjudicated by a blinded and independent angioedema adjudication event committee. A complete list of study objectives including primary, secondary, and exploratory endpoints are shown in *Table* [*2*](#ehf212694-tbl-0002){ref-type="table"}.

###### 

Study objectives and endpoints of the PARALLAX trial

                                                                                      Objectives                                                                                                                                                      Endpoints
  ----------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------
  Primary                                                                             To demonstrate that sacubitril/valsartan is superior to medication‐based individualized therapy for co‐morbidities in                                           
                                                                                      • Reducing NT‐proBNP from baseline after 12 weeks of treatment                                                                                                  • Change from baseline in NT‐proBNP at Week 12
  • Improving exercise capacity after 24 weeks of treatment in a subset of patients   • Change from baseline in 6MWD at Week 24                                                                                                                       
  Secondary                                                                           To compare sacubitril/valsartan to medication‐based individualized therapy for co‐morbidities in/on                                                             
                                                                                      • Mean change of KCCQ clinical summary score (CSS) at Week 24                                                                                                   • Mean change from baseline in KCCQ CSS at Week 24
                                                                                      • Proportion of patients with a ≥5 points change in KCCQ CSS at Week 24 (separate analyses for ≥5 points improvement and ≥5 points deterioration)               • Proportion of patients with ≥5 points improvement/deterioration in KCCQ CSS at Week 24
                                                                                      • Improving NYHA functional class at Week 24                                                                                                                    • Change from baseline in NYHA functional class at Week 24
                                                                                      • Improving symptoms at Week 24                                                                                                                                 • Change from baseline in SF‐36 PCS score at Week 24
  Exploratory                                                                         To compare sacubitril/valsartan to medication‐based individualized therapy for co‐morbidities in/on                                                             
                                                                                      • Reducing NT‐proBNP at Week 24                                                                                                                                 • Change from baseline in NT‐proBNP at Week 24
                                                                                      • Renal function at Week 24                                                                                                                                     • Rate of change in eGFR from baseline
                                                                                      • Mean change of KCCQ overall summary score (OSS) at Week 24                                                                                                    • Mean change from baseline in KCCQ OSS at Week 24
                                                                                      • Proportion of patients with a mean change ≥5 points change in KCCQ OSS at Week 24 (separate analyses for ≥5 points improvement and ≥5 points deterioration)   • Proportion of patients with ≥5‐points improvement/deterioration in KCCQ OSS at Week 24
                                                                                      • To evaluate safety of sacubitril/valsartan vs. medication‐based individualized therapy for co‐morbidities                                                     • Frequency of AEs, serious AEs, and laboratory abnormalities

AE, adverse event; CSS, clinical summary score; KCCQ, Kansas City Cardiomyopathy Questionnaire; NT‐proBNP, N‐terminal pro BNP; NYHA, New York Heart Association; OSS, overall summary score; SF‐36 PCS, The Short Form (36) Health Survey--physical component summary; 6 MWD, 6 min walk distance

2.4. Statistical considerations {#ehf212694-sec-0010}
-------------------------------

### 2.4.1. Sample size and primary calculation of the primary endpoints {#ehf212694-sec-0011}

The significance level *α* α of one‐sided 0.025 (two‐sided 0.05)will be split between the two primary endpoints for the treatment comparisons: 90% for NT‐proBNP and 10% for 6MWD. With a significance level α of one‐sided 0.0225 (two‐sided 0.045) , we estimated the sample size of 2500 randomized patients to provide a power of at least 92% to detect a relative reduction of a minimum 11% in NT‐proBNP change from baseline to Week 12, assuming a standard deviation of 0.81 in log‐transformed NT‐proBNP derived from PARAMOUNT‐HF data for patients with baseline KCCQ CSS \<75 and an overall dropout rate of 10%. With a significance level α of one‐sided 0.0025 (two‐sided 0.005), we estimated to a power of at least 90% to detect a mean difference of 22 m in 6MWD change from baseline to Week 24, assuming a standard deviation of 120 m,[^12^](#ehf212694-bib-0012){ref-type="ref"} an overall dropout rate of 10%, and an overall proportion of 88% for patients baseline 6MWD ranging between 100 and 450 m.

### 2.4.2. Testing strategy {#ehf212694-sec-0012}

In order to control the overall false positive rate in the multiple treatment comparisons for efficacy, a sequential rejective multiple testing procedure will be employed.[^13^](#ehf212694-bib-0013){ref-type="ref"} The testing strategy is illustrated in *Figure* [*3*](#ehf212694-fig-0003){ref-type="fig"}. At first, between the two primary endpoints, the overall alpha level will be split in a 9:1 ratio . When either of them is rejected, the corresponding assigned alpha will be propagated and accumulated to test the KCCQ CSS. In case the 6MWD is not rejected at first step but the KCCQ CSS is rejected at the alpha level inherited from the rejection of the NT‐proBNP change, the corresponding alpha level will be propagated to the 6MWD, together with the original assigned alpha, to test the 6MWD again. If both the KCCQ CSS and 6MWD are rejected, then the NYHA class will be tested at the full level of alpha. Otherwise, the testing procedure will be stopped.

![Graphical illustration of the sequentially rejective testing procedure. H1: Sacubitril/valsartan is no better than the comparator in change from baseline in log‐transformed NT‐proBNP at Week 12 (Primary). H2: Sacubitril/Valsartan is no better than the comparator in change from baseline in 6 min walking distance (6MWD) at Week 24. (Primary). H3: Sacubitril/valsartan is no better than the comparator in change from baseline in Kansas City Cardiomyopathy Questionnaire (KCCQ) Clinical Summary Score (CSS) (mean score) at Week 24. H4: Sacubitril/valsartan is no better than the comparator in NYHA class change from baseline at Week 24. In order to control the family‐wise type‐I error rate at the one‐sided 0.025 significance level, a sequentially rejective multiple testing procedure will be employed, whereby H1 and H2 will be tested first at initially assigned level of one‐sided (9/10) × *α* = 0.0225 and one‐sided (1/10) × *α* = 0.0025, accordingly. If H1 and/or H2 are rejected, the alpha for the rejected null hypotheses will be propagated to H3, such that, H3 will be tested at the updated alpha level (one‐sided 0.025 if both H1 and H2 are rejected; one‐sided 0.0225 if H1 is rejected but H2 is not rejected; one‐sided 0.0025 if H2 is rejected but H1 is not rejected); if H3 is rejected, the alpha will be propagated to H2 or H4 based on the initial step rejection status](EHF2-7-856-g003){#ehf212694-fig-0003}

### 2.4.3. Analyses of the primary endpoints {#ehf212694-sec-0013}

The primary endpoint of NT‐proBNP will be analysed using a mixed model for repeated measures (MMRM), with the response variable defined as change from baseline in log (NT‐proBNP); stratum (defined by prior ACEi/ARB medication usage), region, study treatment, visits, and treatment‐by‐visit interaction will be included as fixed‐effect factors; baseline log (NT‐proBNP), stratum‐by‐baseline and visit‐by‐baseline interactions will be included as covariates; the within‐patient covariance will be modelled using an unstructured covariance matrix. The analysis will include all post‐baseline scheduled visits up to Week 12 (Week 4, Week 12) and will be performed an assumption of missing at random (MAR) for missing data.[^14^](#ehf212694-bib-0014){ref-type="ref"}, [^15^](#ehf212694-bib-0015){ref-type="ref"} Based on the MMRM model, the estimates and the two‐sided 95% confidence intervals will be provided for the adjusted geometric means for the ratio to baseline in NT‐proBNP at Week 12 in each of the two treatment groups (LCZ696 and individualized medical therapy) and for the ratio of the adjusted geometric means (LCZ696 over individualized medical therapy).

The primary endpoint of 6MWD will be analysed using a similar MMRM modelling approach with the response variable being changes from baseline in 6MWD with the same fixed‐effect factors and baseline 6 min walk distance (B6MWD), baseline systolic blood pressure (BSBP), stratum‐by‐B6MWD, stratum‐by‐baseline systolic blood pressure, and visit‐by‐B6MWD interactions as covariates. The analysis will include all patients with B6MWD ranging from 100 to 450 m, and all post‐baseline scheduled visits up to Week 24 (Week 16 and Week 24), and will be performed based on an assumption of MAR for missing data. To further assess the impact of missing data that are not MAR, additional pattern‐mixture modelling analyses will also be performed.

The secondary endpoints of KCCQ CSS change from baseline at week 24 will be analysed using a similar MMRM model; NYHA class change (improved, unchanged, and worsened) from baseline at Week 24 will be analysed using a longitudinal proportional cumulative odds model with similar fixed‐effect factors and covariates defined above.

3. Discussion {#ehf212694-sec-0014}
=============

The PARALLAX trial is designed to investigate the effect of sacubitril/valsartan in patients with EF \>40% compared with BMIC on NT‐proBNP and 6MWD. PARALLAX aims to address three unexplored areas in the evaluation of sacubitril/valsartan in patients with EF \>40% (i) compare ARNI vs. BMIC on NT‐proBNP levels, (ii) assess benefits in functional capacity with ARNI therapy, and (iii) further evaluate improvements in symptoms and quality of life with ARNI.

HFpEF has not been studied as extensively as HFrEF likely because of greater difficulty in diagnosis and more heterogenous patient presentation. To date, no therapy has definitively shown a reduction in morbidity and mortality in HFpEF, and there is medical need to improve physical functioning, exercise capacity, and quality of life in these patients.[^2^](#ehf212694-bib-0002){ref-type="ref"} With the inclusion and exclusion criteria of the PARALLAX trial, a typical HFpEF population with high symptomatic burden is selected. All patients have a KCCQ CSS \< 75 reflecting both functional and symptomatic burden. An EF \>40% will cover the full spectrum of HFmrEF and HFpEF patients according to current guideline definitions.

PARALLAX will enrol patients irrespective of prior RAASi and dosage. In contrast to PARAGON‐HF and PARADIGM‐HF, there is no run‐in period, possibly rendering data closer to real world exposure and tolerability. The lack of a run‐in period in PARALLAX may also enhance potential effects of sacubitril/valsartan on KCCQ assessment because the randomized treatment will be compared with RAASi and not to run‐in sacubitril/valsartan, as in PARAGON‐HF. There is no established pharmacological treatment for HFpEF, and RAASi are recommended for treatment of co‐morbidities in HFmrEF and HFpEF.[^2^](#ehf212694-bib-0002){ref-type="ref"} Therefore, in HFmrEF and HFpEF, it is appropriate to test individualized background treatment against the intervention, which is reflected in the PARALLAX trial design by using different comparators based on the RAASi prior to study inclusion.

NT‐proBNP was chosen as a primary endpoint in PARALLAX because a reduction in NT‐proBNP has been shown to be a surrogate of structural cardiac changes: In the PARAMOUNT study with 301 HFpEF patients comparing sacubitril/valsartan with valsartan alone, NT‐proBNP was significantly reduced by sacubitril/valsartan after 12 weeks, and this was associated with a reduction in left atrial size.[^10^](#ehf212694-bib-0010){ref-type="ref"} While NT‐proBNP reductions have been associated with a morbidity/mortality benefit in HFrEF, this association is less clear in HFmrEF and HFpEF.[^16^](#ehf212694-bib-0016){ref-type="ref"} In addition to morbidity and mortality, limitation in exercise capacity is a hallmark of HF, and an improvement in exercise capacity (as measured by 6MWD) is also chosen as a primary endpoint. PARALLAX, by trial design, is not powered to assess changes in cardiovascular death or HF hospitalizations. However, tolerability and safety will be monitored throughout the trial.

*Table* [*3*](#ehf212694-tbl-0003){ref-type="table"} and Supporting Information *Table* [*S2*](#ehf212694-supitem-0001){ref-type="supplementary-material"} respectively show prior and ongoing randomized multicenter trials in HFpEF with functional capacity such as 6MWD, and VO~2~ as endpoints. Similar to the morbidity and mortality trials, no trial to date has been able to demonstrate a relevant improvement in exercise capacity in patients with HFpEF. However, these trials were small (not more than 400 patients) and not powered for changes in exercise capacity. PARALLAX has adequate power to show a mean difference of 22 m in 6MWD and is sufficiently powered to detect a minimal clinically important difference that was previously reported to be between 30 m[17](#ehf212694-bib-0017){ref-type="ref"} and 35 m[18](#ehf212694-bib-0018){ref-type="ref"}.

###### 

Comparison of different multicentre HFpEF pharmacological trials with functional capacity endpoints

  Name of trial                                                *N*     Investigational drug             Comparator   Duration of follow‐up   6 min walking distance (m)   Peak VO~2~ (mL/min/kg)
  ------------------------------------------------------------ ------- -------------------------------- ------------ ----------------------- ---------------------------- ------------------------
  Aldo‐DHF[^19^](#ehf212694-bib-0019){ref-type="ref"}          422     Spironolactone 25 mg/d           Placebo      12 months               −15 (P = 0.02)               −0.1 (*P* = 0.81)
  NEAT‐HFpEF[^20^](#ehf212694-bib-0020){ref-type="ref"}        110     Isosorbidmono‐nitrate 120 mg/d   Placebo      6 weeks                 +0.1 (*P* = 0.91)            NA
  Anemia in HFpEF[^21^](#ehf212694-bib-0021){ref-type="ref"}   56/10   Epoetin alpha                    Placebo      6 months                +11 (*P* = 0.52)             +2.2 (*P* \< 0.03)
  RELAX[^22^](#ehf212694-bib-0022){ref-type="ref"}             216     Sildenafil 60 mg/d               Placebo      12 weeks                −10 (*P* = 0.92)             +0.01 (*P* = 0.98)
  EDIFY[^23^](#ehf212694-bib-0023){ref-type="ref"}             179     Ivabradine 15 mg/d               Placebo      8 months                −3.8 (*P* = 0.88)            NA
  INDIE‐HFpEF[^24^](#ehf212694-bib-0024){ref-type="ref"}       105     Nitrate 138 mg/d                 Placebo      6 weeks                 NA                           −0.20 (P = 0.27)
  PANACHE[^25^](#ehf212694-bib-0025){ref-type="ref"}           305     Neladenoson 5--30 mg/d           Placebo      20 weeks                14--29 (*P* = n.s.)          NA

d, day; NA, not available; n.s., non‐significant

Patient‐related outcomes (e.g. KCCQ CSS and KCCQ Overall Summary Score)[^26^](#ehf212694-bib-0026){ref-type="ref"} are considered increasingly important in HF and are included as secondary endpoints. The KCCQ instrument includes a CSS that encompasses the physical limitation score and the total symptom score. KCCQ has been shown to be a valid and reliable tool to measure health status and predict outcomes in patients with HFpEF.[^27^](#ehf212694-bib-0027){ref-type="ref"} Data from HF‐ACTION suggest that a 5 point change in the KCCQ overall score corresponds to clinically significant changes in measures of exercise capacity (peak oxygen consumption and 6MWT).[^28^](#ehf212694-bib-0028){ref-type="ref"} The PARALLAX trial will evaluate not only mean change from baseline but also proportion of patients with ≥5 point change including both improvement and deterioration at the end of the study. The requirement of KCCQ CSS \<75 as an inclusion criterion will select HFpEF patients with notable functional impairment.[^11^](#ehf212694-bib-0011){ref-type="ref"} SF‐36 physical component summary and NYHA functional class are investigated as parameters of physical and functional changes.

The PARAGON‐HF trial in a HFpEF population with LVEF \>45% did not reach a statistically significant reduction of recurrent HF hospitalizations and cardiovascular mortality with sacubitril/valsartan compared with valsartan in the overall patient population nor a significant improvement in the KCCQ CS at 8 months vs. valsartan; however, efficacy in predefined subgroups and improvements in NYHA class were significant in this trial and warrant further evaluation of sacubitril/valsartan in a HF population with limited treatment options to date.

In summary, PARALLAX will investigate sacubitril/valsartan in comparison with BMICs for co‐morbidities on exercise capacity and symptom benefit in a large population of patients with an EF \>40% and improve our understanding of the effects of sacubitril/valsartan on NT‐proBNP, exercise capacity, symptoms, and quality of life.
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